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ABSTRACT ‘ '

This is the tenth of a series of reporrs on the protection of mooring buoys.
Thirteen buoys were given their ninth rating (after a inaximum of 5 years exposure)
for extent of coating deterioration, corrosion of steel, and fouling. Two other buoys
had previously been removed from the test program because of advanced deterioration.
The coating systems on three of the buoys were in good condition, while those ¢n nine
othes showed varying degrees of moderate deterioration, and one was in such poor
cond’tion thet it was also removed from the test program. Two sets of steel pane's
coctted with the different systems used on the buoys were given their eighth rating
inspaction after 4 years of exposure. One set was exposed in San Diego Bay and the
other in Port Hueneme Harbor. The condition of the ccatiags on both sets of pane's
was generally better than that of the buoy coating, but there was a general correlction
between the conditions of the two test groups. On buoys coated with antifouling
paints, no detectable antifouling property remained after 20 months, but on both sets
of test panels, two antifouling coatings containing copper oxide were still appreciably
reducing fouling ofter 4 years.

Putches of underwater-curing epoxy applied to buoys where localized damage to
the coating had been :aused by abrasion were in good condition. Some patches had
been providing »rotection for 4 years.

Thiee of the bucys were cathodically protected with zinc anodes. The underwaier
portions of these buoys were receiving protection from corrosiori 33 months after anode
installation.

‘This dicument has been approvad for public release and sale; its distribution is unlimited.

Copies available at ths Clearinghouse for ederal Scientific & Technica!
Info. mation (CFSTI), Sills Building, 5285 Port Royai Road, Springfield, Va. 22151
Price-$3.00

The Laboratory invites comment on this veport, particularly on the
results obtained by those who have applied the information.
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1 A

INTRODUCTION

The Naval Facilities Engineering Command assigned the Naval Civil Engineering
Laboratory the task of finding or developing better methods for protecting Fleet mooring
buoys from corrosion. The assignment included investigation of hoth protective coatings
and cathodic protection.

A field-test program was initioted in San Diego with 15 peg-top riser-chain
mooring buoys (Mark | or Mark 1l). Thirteen different coating systems were used, and
a cathodic protection system was installed on one buoy of each of three pairs used in
this part of the test program. The same thirteen coating systems were also applied to
two sets of test panels, one exposed in San Diego Bay and the other in Port Hueneme
Harbor, The results of the program are being published in a series. Technical Report
R-246, ! the first in the series, described the application of protective ccatings and
the installation of a cathodic-protection system. Subsequent reportsZ~? described the
condition of the buoys from the first through the eighth rating inspections and the
condition of the panels through their seventh rating inspection. This report describes
the condition of the buoys at the time of their ninth rating inspection (up to 5 years
exposure) and the condition of the panels after 4 years of exposure.

SERVICE CONDITIONS

For the test, 15§ mooring buoys were placed in an area of North San Diego Bay
that received heavy service from the Fleet. Some of the buoys were badly damaged
by overriding vessels and by the abrasion of mooring lines and securing assemblies.
Because it was necessary to place the test buoys in service a few at a time, and
because there were long delays in obtaining acceptable specification coatings, pre-
paration and placement of all the buoys required a long time.

One set of 13 panels was suspended from a pier in San Diego Bay and the other
from a pier in Port Hueneme Harbor. A portion of each panel was continuously sub~
merged, another portion was intermittently submerged by rising tide, ond o third
portion was continuously exposed to the atmosphere. The panels were not exposed
to their harbor environments ot the same time as the buoys; they weie kept in storage
until all of them had been coated. A!l the panels weie then placed in test position
at the same time, rother than over o é-month period us were the buoys. At the time
of their ninth rating (described hereir) they had been exposed for 4 years.




INSPECTION PROCEDURE

Each of the test mooring buoys was inspected after it had been lifted onto the
deck of a floating crane. The amount of fouling was determined, the types of orga-
nisms were recorded, and fouling damage to the coating was noted. After th: fouling
was examined, the cone and splash zone of each buoy were washed with a high-pressure
stream of seawater to remove the fculing and expose coating damage. Two independent
ratings of the condition of each buoy and its protective coating system were made in
the atmospheric, splash, and submerged zones.

Electrical potential measurerments were made on bucys with and without cathodic
protection to determine the omount of odditional potential produced on cathodically
protected bucys. The coating deterioration and corrosion damage of the threz cathod-
ically protected buoys were compared to those of the control buoys.

Two independent ratings were also made of the condition of the coating systems
on the steel test panels exposed in San Diego Bay and Port Hueneme Harbor. Fouling
organisms were carefully removed from one side of each test panel wiih a wosden
scraper and a stiff bristle brush before the coating condition in the fouled arca was
rated.

RATING CRITERIA

So far as possible, the methods of rating the coatings on buoys and test panels
were those published by the American Society for Testing and Materials.10 These
published methods define the conditions rated and give photographic reference
standards. Thus, chalking, blistering, checking, crocking, flaking, erosion, and
rustirg were rated from O to 10 by ASTM methods D-659-44, D-714-56, D-660-44,
D-661-44, D-772-47, D-662-44, and D-610-43, respectively. A rating of 10
usually describes o pe-fect condition, ond a rating of 0 describes a completelr dete-
riorated condition. Bristering frequency was rated as none (N), few (F), medium (M),
meditm dense (MD), or dense (D). Surface areas covered by fouling (plont, arimal,
or a combinution) were roted on a linear scale from 0 {100% covered) to 10 (1%
covered). Color of the topcoat on the buoys was also rated from 0 to 10; 10 indicates
pure white with no yellowing or other discoloration (except rust streaks from uncoated
bolts), and O indicates a color unacceptable to the U. S. Coast Guard.

Frequency of use of buoys by the Fleet was rated os light (0 to 2 days per week),
medium (2 to 4 days per week), or heavy (4 to 7 doys per week). Some of the buoys
provide bow and stem mooring only, and the rest provide either bow ond ster or free-
<winging moorings.

The overall condition of each buoy and its coating system was rated as excellent
(in essentially the some condition as when first placed in service); good (very minor
deterioration); fair (o significant amount of coating deterioration or rusting, but still
in serviceable condition); an” . ‘cooting deterioration and rusting serious enough
to lead to an early removal + .. - ice).




The coating system on each test panel was given an overall rating from 0
(minimum protection) to 10 (maximum protection), depending upon both the cendition
of the entire coating ystem and the protection afforded to the steel. It was much
easier to rate the overall coating conditions on the panels than on the buoys, because
the panels were no? atraded as were the buoys during mooring service.

CONDITION OF BUQOY COATINGS
General

Table 1 describes each coating system. The overall ratings and lengths of
service of buoy coatings are summarized in Table 2. The sources of the coatings
are listed in References & through 4, are proprietary, and are available only to
U. S. Government agencies and their contractors. Ratings of specific conditions
of coated test buoys are given in Appendix A.

The fouling on all test buoys was generally similar both in type and amount
Figure 1), with slightly cliffering amounts occurring in different test areas. Creen
algae and barnacles were most conspicuous in the splash zone. Tunicates and barna-
cles were most conspicuous in the submerged zone, and mussels, bryozoq, hydioids,
and tube worms were usually present to a lesser extent.

The Mark | test buoirs usually had marine borer damage on their lower, untreated
wooden fenders (Figure 2). The lower, creosoted fenders of the larger Mark Il buoys
were almost always completely cut of the water ond suffered no marine borer attack.

Coating System 1: Urethone

The condition of the System | buoy (Figure 3) hod deteriorated slightly since
the previous rating inspecticon, and there was somewhat greater rusting in the atmo-
spheric and splash zones. Much of this, however, was either of the pinpoint type
(Figure 4) or had been caused by impact or abrasion. The pinpoint rusting on *he
buoy side was initiated by small bliste's previously noted there.

The mony pak:hes of urderwater-curing epoxy, 11 most of which hod been
applind 4 years earlier to underwater arsos domoged by the impact of moored vessels,
were still odhering tightly to the underlying steel and providing good protection from
corrasion.  Some of these patches hod lifted edges where they bonded poorly to fouling
or weathered coating. The epoxy patches have extended significantly the service life
of the buoy.

There was mcderate galvanic corrasion of the bolts securing the lower lateral
fercler in place and moderate marine borer damoge to this fender.
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Figure 1. Typical fouling as seen on System 5 buoy.
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Figure 2. Typical uatreated wooden fender with marine borer damage.
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Figure 4. Pinpoint rusting on side of System 1 buoy.




Coating System 2: Epoxy

The condition of the System 2 buoy was essentially unchanged since the last
inspection. The two areas where impact damage to the coating had been patched
with underwater-curing epoxy 1-1/2 years earlier” were receiving full protection
from these patches. There was very little rusting on this buoy except that caused
by abrasion. There was some galvanic corrosion on bolts and rivet heads in the
submerged zone and extensive marine borer damage to the lower fender.

Coating System 3: Epoxy-Polyester

The condition of the System 3 buoy had changed only slightly since the iast
inspection. The epoxy primer exposed in the submerged zone, where much of the
polyester topcoating had previously delaminated, was continuing to protect the
underlying steel. The rusting in all three zones was related to abrasion damage.
There was an area of coating on the underwater portion of the buoy that had suffered
abrasion damage (Figure 5) since the last inspection. This was repaired with a patch
of underwater-curing epoxy. As with the previous Mark | buoy (System 2), there was
galvanic corrosion on a few abraded rivet heads in the submerged zone and marine
borer damage to the lower lateral fender.

Coating System 4: Epoxy-Coal Tar Epoxy

The condition of the System 4 buoy was virtually unchanged since the last
inspection. The previously noted delamination of the topcoat and seal coat in the
submerged zone had not advanced significantly, and the underlying epoxy primer
and coal tar epoxy were providing good protection fo the steel. The cone of the
buoy had suffered slight abrasion damage since the previous inspection and the
orange primer was exposed in a few places. Elsewhere the coating system was per-
forming well, with the slight rusting noted related to abrasion damage.

Coating System 5: Coal Tar Epoxy-Phenolic

The condition of the System 3 buoy was virtually unchanged since the last
inspection. Most of the coating damage, notably that on the buoy top, was related
to abrasion damage. There was galvanic corrosion of some abraded rivet heads in
the submerged zone and extensive marine borer damage to the lower lateral fender.




Figure 5. Cone of System 3 buoy showing abrasion damage to coating.

Coating Systems 6 and 6C: Phenolic Mastic

Systems 6 and 6C were identical, but the 6C coating was applied to a
cathodically protected buoy. The condition of both buoys was virtually unchanged
since the last inspection. The deterioration on each was largely the result of abrasion
damage (see Figure 6). The better condition of the System 6C buoy is a result of the
cathodic protection and the heavier fendering. The lower lateral fender on the
System 6 buoy had extensive marine borer damage.

Coating System 7C: Phenolic

The condition of the System 7C buoy was virtually unchanged since the last
inspection. The erosion of the antifouling coating on the underwater portion of the
buoy was probably aggravated by barnacle attachment, since the antifouling coating
had long since lost its toxicity to fouling organisms. The cathodic protection system
on this buoy was stii' very effective in mitigating rusting where bare steel was
exposed underwater. Most of the slight coating damage in the atmoipheric and
splash zones had been caused by abrasion.
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Figure 6. Abrasion damage on System 6 buoy.

Coating System 8: Phenolic-Alkyd

The condition of the System 8 buoy was virtually unchanged since the last
inspection. The submerged portion of this buoy had the identical coating system
used on the System 7C buoy, and consequently, the condition of the coating system
in this area on both of these buoys was quite similar. There was, however, more
rusting on the underwater portion of the System 8 buoy, since it did not receive
cathodic protection. There was also evidence of a slight barnacle damage to the
coating underwater. Rusting on the side of the buoy was either of the pinpoint
variety or had been caused by abrasion.

Coating System 9: Vinyl

The condition of the System 9 buoy had changed very little since the last
inspection. Several small areas of peeled coating on the buoy side, probably ini-
tiated by impact of a vessel, had been noticed and patched with underwater-curing
epoxy during the iast three inspections. The epoxy patches were all in good condi-
tion and were providing protection to the steel. An area of damaged coating adjacent

10




to a flange on the side of the buoy (Figure 7) was noted at the present inspection.
This was also cleaned and patched with underwater-curing epoxy in the manner
previously used. The few areas of rusting in all three zones were related to abrasion
domage. The type and amount of fouling on this buoy were similar to those on test
buoys without an antifouling coating. There was galvanic corrosion on some of the
bolts securing the lower lateral fender in place and extensive marine borer damage
to this fender.

Coating System 10: High-Body Vinyl

Because of advanced corrosion, the System 10 buocy had been removed from the
test program after 35 months of service.

Coating System 11: Vinyl Mastic

Because of advanced corrosion, the System 11 buoy had been removed from the
test program after 19 montns of service.

Figure 7. Side cf System 9 buoy showing damaged wooden fender and damuged
coating above lower right flange.
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Coating System 12: Inorganic Zinc Silicate~Vinyl Mastic

The System 12 buoy had undergone further deterioration since the last
inspection, and the underwater portion was in such poor condition (Figure 8) that
the buoy was removed from the test program. The side and top of the buoy are still
in good condition, but underwater there was extensive blistering and delamination
of the vinyl mastic topcoating. The grodual loss of zinc from the exposed primer
has permitted extensive rusting and pitting.

Coating Systems 13 and 13C: Saran

Systems 13 and '3C were identical, but System 13C was applied to a cathod-
ically protected buoy. The System 13 buoy has remained in the mooring yard since
the previous inspection because of problems associated with installing a new lighting
system on the buoy.

The condition of the coating on both buoys was virtually unchanged since the
lest inspection. The slight rusting was either of the pinpoint variety or had been
caused by abrasion. The System 13C buoy was receiving usage at the time of the
inspection and it was necesscry to inspect the buoy with a destroyer secured to it
(Figure 9. The cathodic protection system was quite effective in mitigating corro-
sion on the underwater portion of the System 13C buoy.

CONDITION OF PANEL COATINGS

The coating system of each panel is rated in Table 3, and the ratings of the
specific properties are given in Appendix B. There continues to be a distinct differ-
ence in the type of fouling at the two panel-testing sites. While barnacles are
conspicuous at both locations, they form on the tidal zone of all San Diego panels
without an antifouling paint a heavy crust that probably affords significant protection
to the panels. Mussels and bryozoa are much more numerous and larger ot Port
Hueneme. Conversely, tunicates and sponges are most conspicuous at San Diego,
but virtually absent at Port Hueneme.

Coating System 1: Urethane

Both urethane-coated panels were little changed since the last inspection.
The slight coating deterioration on the San Diego panels consisted of edge damage,
a few pinholes, and slight barnacle damage. The small blisters and delaminatizii of
topcoat on one side of the Port Hueneme panel previously notedd: 9 hod it increased
appreciably.

12




Figure 8. Coating damage on cone of System 12 buoy.

Figure 9. Hosing of System 13C buoy with destroyer secured to it.
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Coating System 2: Epoxy

Both epoxy-coated panels were receiving excellent protection. The white
antifouling paint originally used on these panels had long since been lost,4-6
but this had not affected the protection afforded by the epoxy system. In order to
determine if this system could be used with other, more conventional antifouling
paints, two panels were coated with Coating System 2; one was then coated with
vinyl antifouling MIL-P- 1593} A,_and the other with a proprietary copper oxide
containing polyester anfifouling.7'9 Alter 2 years of exposure in Port Hueneme
Harbor, the antifouling paints were both adhering well to the epoxy coating and
were effectively mitigating fouling.

Coating System 3: Epoxy-Polyester

As previously reported, 4-9 when the antifouling paint (identical to that used
with System 2) was lost from the System 3 panels, it took the polyester topcoats with
it, thus exposing the underlying epoxy pririer. This primer has continued to protect
the panels ot both locations. The slight rusting on both panels was mostly caused by
edge domage. There was slight checking in the atmospheric zone of the Port Huenemo

ponel. ‘

Coating System 4: Epoxy-Coal Tar Epoxy

Neither System 4 ponel had shown any deterioration other than slight edge
rusting on the San Diego panel. .

Coating System 5: Coal Tor Epoxy-Phenolic

On both System 5 panels, the white topcoat had previously been almost
completely lost in the tidal and submerged 20005, 3-8 exposing the underlying seal
coat. The seal coat continued to provide good protection, with the slight rusting
present mostly restricted to ponel edges. Theire was slight checking in the atmo-
spheric zone of both panels.

. Coating System 6: Phenolic Mastic

The System 6 panels showed no dete-iocration in any zone ot Port Hueneme ond
only slight ecige rusting in the submerged z0one at ian Diego.

15
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Coating System 7C: Phenolic

The System 7C ponels had only slight further deterioration since the last
inspection. There was no increase in the number of small blisters previously noted
in the submerged zone. Greater amounts of primer continued to be exposed by the
gradual erosion of the black ontifouling coaiing, but there continues to be somewhat
less fouling on the System 7C panels than on adjacent panels without an antifouling
cooting (see Table 1 for panels that have antifouling coatings). Slight beinacie
damoge, however, was noted for the first time on both System 7C panels.

Coating System 8: Phenolic~-Alkyd

System 8 is identical to 7C in the tidal and submerged zones; consequently,
the conditions of the two coating systems in these areas were similar. The coatings
in the atmospheric zones of these systems, though different, were providing rela-
tively good protection.

Cocting System 9: Vinyl

Both System 9 panels were free of corrosion. Although the antifouling coating
cortinued to ercde away graduolly, thus exposing the underlying primer, there con-
tirued to be oppreciably less fouling on the System 9 pane!s than on panels without
an antifouling coating.

Coating System 10: High-Body Vinyl

Both System 10 panels were previously removed from the test program because
of coating failure.

Coating System 11: Vinyl Mastic

Both System 11 ponels were previously remor 2d from the test progrom because
of coating failure.

Cooting System 12: Inorgonic Zinc Silicate-Vinyl Mastic

Both of the System 12 ponels had previously lost much of their viny! mastic
topcooting in the tidal and submerged zones. While the incrganic zinc primer thus
exposed was initiolly quite effective in pre renting corrosion, there was now extensive
rusting ond pitting. The System 12 poneis were, therefore, removed from the test
progrom at the time of the present inspection.

16
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Coating System 13: Saran

Both System 13 panels were still in relatively good condition. Most of the
corrosion present consisted of pinpoint or edge rusting.

CATHODIC PROTECTION RESULTS

The electrical potentials of the three cathodically protected buoys (Systems 6C,
7C, and 13C) ot the time of the inspection were -880, -840, and -900 mv, respec-~
tively, as compared to o reference silver-silver chloride half-cell. The potential of
the 13C buoy was measured with a destroyer secured to it. All potentials were neor
or above the level of =850 mv, which was considered necessary for complete protec-
tion of exposed steel. The average potential of buoys without cathodic protection
was about =710 mv.

The oppearance of the zinc anodes gave further evidence of the satisfactory
performance of the cothodic-protection systems. After the loose, yellowish film was
removad during the high-pressure hosing of the buoy fouling, the zinc surfaces were
clean and crystalline. The sacrificial anodes hod become appreciably reduced in
thiciness since their original installation 33 months earlier, but there appeared to
be sufficient zinc remaining to provide protection for at least another 1/2 year.

The cathodically protected buoys hod considerably less rusting underwater
than the unprotected control buoys. The foot-square section cf bare steel previously
exposed by wire brushing” on the cone of the System 13C buoy hod received excel-
ent protection from rusting. The riser chains of the protected buoys were also in
better condition than those of buoys without cathodic protection. There was consid-
eraoly less corrosion of steel ond loss of coal tar coating on the former riser chains,
and the rust present was in a thin, uniform loyer. The unprotected riser chains hod
alternaie areas of bright and rusted steel, indicating active corrosion. It has
previously been shown!2 that some of the protection from cathodically protected
buoys is transferred down tight riser chains.

DISCUSSION

The condition of the buoy cooting system; ot the time of eoch inspection is
summarized in Toble 4. It con be seen from this table that only slight further
daterioration of coatings hod occurred since the last inspection.

At the time of this inspection, only three of the coaring systems (Systems 2,
6C, ond 13C) on test buoys were rated as good; six (Systems 4, §, 7, 8, 9, ond 13)
as good-fair; three (Systems 1, 3, and 5) as fair; one (System 12) as poor; ond two
of the test buoys (Systems 10 ond 11) hod praviously been removed from the test
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progrom hecause of coating failure. The coating systems generally performed better
on test ponels than on the buoys, because the latter were subject *o impact and
abrasion damage during service to the Fleet. Nine of the original thirteen coating
systems on test panels are still rated as 9 or 10 at both locations. These include all
of the systems rated us good or good=-fair on test buoys. The ratings of 9 on test
panels were frequently due to edge damage that occurred during handling.

The System 2 (epoxy) buoy is currently the test buoy in the best condition and
the only buoy without cathodic protection that was rated good. It should be noted
that this is a Mark | buoy with lighter fendering than the Mark 1l buoys (Systems 4,
&C, 7C, 8, 12, and 13C), and consequently, it has received less protection from
impact and abrasion than the Mark Il buoys. Although the original antifouling
paints were rapidly lost from the System 2 buoy and test panels (as well as on those
of System 3), other antifouling coatings have been found to adhere well to this
coating system.

The coating system on buoys 6 and 6C (phenolic mastic) has continued to
perform well despite appreciable abrasion domage to these bucys during their first
2 years of service. No further appreciable abrasion damage has occurred to these
buoys since that time, and the System 6 panels were in excellent condition. This
system has also performed well in the steel sheet piling study of Alumbaugh and
Broviilette 13

System 13C (Saran), which was rated as good, also performed well for
Alumbaugh and Brouillette.!3 Saran is very resistant to moisture penetration, but
has a tendency to be subject to pinpoint rusting.

Coating Systems 7C (phenolic) and 8 (phenolic-alkyd) were both in relatively
good condition on both the test panels and the buoys. With both systems, deterio-
ration above water was mostly due to abrasion, and deterioration below water was
due to gradual loss of the antifouling cooting. Because of the type of fouling in
San Diego Bay and the routine removal of fouling periodically by high-pressure
hosing, there is no apparent reduction of freeboard on buoys in San Diego Bay, or
any other detrimental effect due to fouling. Thus an antifouling paint is not ordi-
narily used in San Diego Bay. It should also be noted that the effectiveness of
antifouling paints on the test buoys in retarding fouling was greatly diminished
after 2 years. The longer life of the antifouling coating on the test panels is
probably due to a lower rate of leaching by the weaker water currents in which
they are located.

Coating System 9 (vinyl) is another example of a system in relatively good
condition where the deterioration below water is associated with the gradual loss
of the antifouling coating. The buoy coating might be in much better condition if
the system used above water was also used below water.
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Coating System 4 (epoxy-coal tar epoxy) was providing good protection to
both the buoy and the panels. Much of the epoxy topcoat and seal coat had been
lost from the buoy below water, but this had not occurred on either test panel. Con-
versely, Coating System 5 (coal tar epoxy-phenolic) had lost much of the phenolic
topcoat from the submerged portion of the panels, but this was not occurring on the
buoy. The seal coat and underlying coal tar epoxy remaining on the System 5 test
panels was continuing to provide good protection to the steel.

Coating System 1 (urethane) buoy and panels had deteriorated somewhat since
the previous inspection, but the system is performing satisfactorily.

Coating System 3 (epoxy=-polyester) was providing good protection to both the
buoy and panels despite the loss of much of the polyester topcoating below water.

The System 12 (inorganic zinc silicate=vinyl mastic) buoy and panels had
deteriorated appreciably since the previous inspection and had extensive rusting
and pitting. Because of this deterioration they were removed from the test program.

The patches of underwater-curing epoxy applied at various tines in the past
have continued to provide good protection to steel exposed by abrasion damage to
coatings. They have exterded greatly the service life of buoys before necessary
recoating ashore and have thus resulted in a savings of maintenance funds.

The cathodic protection systems on three of the test buoys have continued to
retard corrosion on the underwater portions of these buoys and their riser chains.
The zinc anodes providing this protection are relatively inexpensive, costing prob-
ably less than $12 annually when prorated over their expected service life.

The wooden fenders on the Mark | buoys are badly damaged and provide
relatively little protection from impact and abrasion.

FINDINGS

1. On three of the test buoys, the coating systems were in good condition; six others
were rated as good~fair; three as fair; and one as poor. Two buoys had previously
been removed from the test program because of coating failure.

2. Two antifouling paints on test panels were still effective after 4 years in appreciably
reducing the amount of fouling; on test buoys, the paints had lost their effectiveness
after 20 months.

3. Patches of underwater-curing epoxy applied to damaged areas of several different
coating systems were quite effective in protecting steel from corrosion below water.
Some of these patches have performed well for 4 years.

4, The cathodic protection systems on three of the test buoys were effectively
mitigating corrosion. Although the zinc anodes were appreciably reduced in size,
they should continue to perform effectively for at least another 1/2 year.
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CONCLUSIONS

1. The protective coating systems still under test are giving greater service life to
the test mooring buoys than the service life generally received at field activities.
Some of the better coating performance is due to better surface preparation and
coating application, but much is due to improvements in coating formulations.

2. The use of an antifouling coating on the underwater portion of mooring buoys
is not justified unless fouling is known to constitute a maintenance or operational
problem.

3. Underwater-curing epoxies can reduce maintenance costs by extending the
service life of mooring buoys where localized areas of coating have been damaged
by abrasion.

4, Mooring buoys can be effectively cathodically protected underwater with zinc
anodes.

RECOMMENDATIONS

1. The coating systems that have performed well to date in the present test should
be considered for use by field activities of the Naval Shore Establishment.

2. Underwater-curing epoxies should be carried by field crews inspecting or
relocating moorings so that localized areas of damaged coatings can be repaired
in place.

3. A greater use should be made of zinc anodes in cathodically protecting Fleet
moorings.

4. Treated wood should be used on the lower fenders of Mark | buoys to protect
them from marine borer attack.
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No. of Months in Service: 56

Amount of Use: Light

Appendix A
RATINGS OF BUOYS WITH TEST COATINGS

Coating System 1: Urethane
Overall Condition: Fair

Type of Mooring: Bow and Stern

Note:

none.

Condition Rated Atmospheric Splash Submerged
Color 9 9 -
Chalking 4 4 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type [1/ 8 8 9
Rusting, Type 112/ 10 10 10
Fouling, amount - H H
Guano, amount L - -
Structural damage N broken dent in
fender steel plate

1/ Without Llistering.
2, With blistering.

For chalking, blistering, checking, cracking, floking, erasion, and rusting
a rating of 10 describes a perfect condition, and o rating of 0 describes o
completely deteriorated condition. A topcoat color rating of 10 indicores
pure white with no yellowing or discoloration other than rust strecks from
uncoated bolts, and 0 indicates o color vnacceptabie to the U. 5. Coast
Guard. In the letter ratings, H = heavy, L = light, M = medium aond N =
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No. of Months in Service:

Amount of Use: Heavy

Condition Rated

Color

Chalking
Blistering
Checking
Cracking
Flaking (scaling)
Erosion

Rusting, Type |
Rusting, Type Il
Fouling, amount
Guano, amount

Structural damage

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
o rating of 10 describes a perfect condition, and o roting of 0 describes o
completely deteriorated condition. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust strecks from
uncooted bolts, ond 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letrer rotings, H = heovy, L = light, M = medium ond N =

none.

Coating System 2: Epoxy

54

Atmospheric

9
6
M, 10
10
10
10
10
9
10
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Overall Condition: Good

Type of Mooring: Bow and Stern

Splosh

damaged
fender

Submerged

dent in
steel plate
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Coating System 3: Epoxy-Polyester

No. of Monthes in Service: 54 Overall Condition: Fair

Amount of Use: Heavy Type of Mooring: Bow and Stern
Condition Rated Atmospheric Splash Submerged
Color 9 9 -
Chalking 6 6 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 5/ 51/
Erosion 10 10 10
Rusting, Type | 9 9 9
Rusting, Type i 10 10 10
Fouling, amount - H H
Guano, amount H - -
Structural damage fender splintered damaged fender spiintered

fender

1/ Topcoat lost, primer exposed.

Note: For chalking, blistering, checking, cracking, floking, erosion, and rusting
o roting of 10 describes a perfect condition, and a rating of 0 describes o
completely detericrated condition. A topcoat color roting of 10 indicotes
pure white with no yellowing or discoloration other than rust streaks from
uncoated bolts, and 0 indicates ¢ color unacceptable to the U. S. Coast
Guerd. In the letter ratings, H = heavy, L = light, M = medium ond N =
none.
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Coating System 4: Epoxy—Coal Tar Epoxy

No. of Months in Service: 36 Overall Condition: Good-Fair

' Amount of Use: Medium Type of Mooring: Bow and Stem
Condition Rated Atmospheric Splash Submerged

| Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (sculing) 10 10 6l
Erosion 10 10 10
Rusting, Type | 9 9 9
Rusting, Type I 10 10 10
Fouling, amount - M-H M-H
Guano, amount L - -
Structural damage N N dent in

steel plate

| Delamination of toncoat and seal coat, exposing coal tar epoxy coating.

Note: For chatking, blistering, checking, crocking, flaking, eresion, ond rusting
o rating of 10 describes a perfect condition, and o raring of 0 describes o
completely deteriorated condition. A topcoet color reting of 10 indicates
pure white with no yellowing or discoloration other than rust strecks from
uncoated balts, ond 0 indicates o color unacceptable to the U. S. Coast
Guoard. In the letter rutings, H = heovy, L = light, M = medium and N =
none.




Coating System 5: Coal Tar Epoxy=~Phenclic

No. of Months in Service: 54 Overall Condition: Fair
Amount of Use: Heavy Type of Mooring: Bow and Stem
Condition Rated Atmospheric Splash Submerged '
Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 1C 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type | 7V 9 92/
Rusting, Type II 10 10 10
Fouling, amount - H H
Guano, amount L -— =
Structural damage N damaged dent in
fender steei plate

1/ Mostly from abrasion of coating by securing assembiy.
2/ Rivet heads were badly corroded.

Note: For cholking, blistering, checking, crocking, flaking, erosion, and rusning
o roting of 10 descrides e perfact condition, ard o rating of 0 describes o
complately deteriorared condition. A tepcost color reting of il indicates
pure white with no yellowing or discolorarion other than rust streuks from
uncaeted bolts, end 0 indicates a color unaccepiohie to the U ¢ 2. ..
Guees. !z ha larter retings Mz Loa, L T lignt, M= medivm end N ¢
none.

T e e S Sy 0
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Coating System 6: Phenolic Mastic

No. of Months in Service: 54 Overall Condition: Cood~Fair
E Amount of Use: Light Type of Mouring: Bow and Stem
Condition Rated Atmospheric Splash Submerged
Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking S ¢ ' 10 10
Flaking (sealing) 10 10 10
. Erosion A . 10 10 10
' Rusting, Type | 8V oL/ 9L/
' Rusting, Type il | 10 10 10
Fouling, omount - H H
Guano, ameunt L - -
Structural damoge dent in side; damaged dant in
broken fender fender steel plate

1/ Mostly from obrasion of coating.

Note: Fer chalhing, blistering. checking, craching, flaking, erosicn, end rusting
o rating of 10 describes o perfec) condition, end o reting of 0 descnbes o
completely deter:orared condition. A ropcoet coler rating of 10 indicotes
pure white with ne yellowing or discelererion sther then rust srreets fam
unceeted bol*s, and 0 1ndicetes ¢ coler vnecceprable te the U. 5. Coont
Guerd. in vhe letter retings, M - hesvy, | 5 light, M : medivm ond N -
nene.
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Coating System 6C: Phenolic Mastic

No. of Months in Service: 54 Ovenall Condition: Good

Amount of Use: Heavy Type of Mooring: Bow and Stem
Condition Rated Atmospheric Splash Submerged
Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Floking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type | o1/ 9l/ 91/
Rusting, Type Il 10 10 10
Fouling, amount - L M
Guano, amount L - -
Structural damage fender splintered N N

1/ Mostly from obrasion of couting.

Nete. For chalbing blistering. cheching, creching, floh:ng, eresien, ond rusting
e reting of 10 describes ¢ perlect condition, ond ¢ reting ol O dercribes o
completely deteriorared conditian. A tepcset coler reting of 10 ind:cores
pure white with ne yellpwing ue d:acniorerion other then rust streehs frem
vacosted baits, ond 0 indicotes o caler unaccoproble to the U $. Ceent
Guerd. In the letrer rotings, M - hoavy, L - Light, M * medivem ond N
nene.




Coating System 7C: Phenolic

No. of Months in Service: 49 Ovenall Condition: Good-Fair

Amount of Use: Heavy Type of Mooring: Free-Swinging
Condition Rated Atmospheric Splash Submerged
Color 9 9 -
Chalking 6 6 -
Blistering N, 10 N, 10 F, 8
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 gl
Erosion 10 10 8/
Rusting, Type | 92/ 92/ 10
Rusting, Type Il 10 10 10
Fouling, amount - L L
Guano, amount L - -
Structural domage N N slight dent in

stee| plate

1/ Mostly antifouling paint.
2/ Mostly from abrosion of coating.

Note. For chalhing, blisrerng, checking, craching, tishing, eretion, end rusting
o reting of 10 describes o perfect condition, and ¢ rating of 0 descriher o
complotely deteniorered condition A tepcoer zeler reting of 15 indicares
pure whi'e with ne yellewing or disceloration orthes thes rust tiveehs from
wacosted belts, end 0 indicores ¢ color vnecceptable ®a the U. S. Coonr
Gue:d. In the letrer ratings, M heevy, L - Light M medium ond N .
none.




Coating System 8: Phenolic-Alkyd

No. of Months in Service: 49 Overall Condition: Good-Fair

Amount of Use: Heavy Type of Mooring: Free-Swinging
Condition Rated _A__t_nﬁgiiﬁ_c_ Splash Eu_b_rrﬁ’_gfg
Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 M, 6
Checking 10 10 i0
Cracking 10 10 10
Flaking (scaling) 10 10 gl/
Erosion 10 10 gl/
Rusting, Type | 92/ 92/ 9
Rusting, Type li 10 10 9
Fouling, amount - L L-M
Guano, amount L - -
Structural damage N N N

1/ Mostly antifouling paint.
2/ Mostly from abrasion at coating.

Note: For chalking, blistering, checking, crozking, flaking, erosion, and rusting
a rating of 10 describes a perfect condition, ond a roting of 0 describes a
comgletely deterioroted conc'tion. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust strecks from
uncoated bolts, and 0 indicates o color unacceptabie to the U. S. Coast
Guard. In the letter ratings, H = heavy, L = light, M = medium and N =
none.
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No. of Months in Service:

Amount of Use: Heavy

Condition Rated

Color

Chalking
Blistering
Checking
Cracking
Fiaking (scaling)
Erosion

Rusting, Type |
Rusting, Type Il
Fouling, amount
Guano, amount

Structural damage

Coating System 9:

50

Atmospheric

9

8
N, 10
N, 10
N, 10
N, 10
N, 10

10

1/ A small area near one fiange.
2/ Antifouling paint only.

Ri

i

Vinyl
Overall Condition: Good=-Fair

Type of Mooring: Free-Swinging

Splash Submerged
10 -
8 -
N, 10 N, 10
10 10
10 0
ol 10
10 92/
9 9
10 10
M M
dent in dent in
steel plate steel plate

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
o rating of 10 describes o perfect condition, and o rating of O describes o
completely deteriorated condition. A topcoot color rating of 10 indicotes
pure white with no yellowing o: discoloration other than rust strecks from
unccated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter ratings, H = heavy, L = light, M = medium and N =

none.
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Coating System 12: Inorganic Zinc Silicate=Viny| Mastic

No. of Months in Service: 56 Overall Condition: Poor

Amount of Use: Heavy Type of Mooring: Bow and Stern
Condition Rated Atmospheric Splash Submerged
Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Crecking 10 10 10
Flaking (scaling) 10 10 5/
Erosion 10 10 10
Rusting, Type | 92/ 92/ 7
Rusting, Type Il 10 10 10
Fouling, amount - L L
Guano, amount L - -
Structural damage N N dent in

steel plate

1/ Topcoat only.
2/ Mostly from abrasion of coating.

Note: For cholking, blistering, checking, cracking, flaking, erosion, ond rusting
a rating of 10 describes o perfect condition, and a rating of O describes o
completely deteriorated condition. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust streaks from
uncoated bolts, and 0 indicates o color unacceptable to the U. S. Coast
Guard. In the letter ratings, H = heavy, L = light, M = medium and N =
none.
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No. of Months in Service:

Amount of Use: Light

Condition Rated

Color

Chalking
Blistering
Checking
Cracking
Flaking (scaling)
Erosion

Rusting, Type |
Rusting, Type 1l
Fouling, amount
Guano, amount

Structural damage

Coating System 13: Saran

54 Overall Condition: Good-Fair

Type of Mooring: Bow and Stemn

Atmospheric Splash Submerged
9 9 -

8 8 -
N, 10 N, 10 N, 10
10 10 10
10 10 10
10 10 10
10 10 10

8L/ 92/ 92/

10 10 9

- 3 ¥y

3, - -

N fender splintered; N
dent in

steel plote

1/ Mostly from abrasion of coating.
2/ Mostly pinpoint rusting.
3/ No fouling or guano present because buoy had been taken ashore for

structural repairs.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a rating of 10 describes a perfect condition, and o rating of 0 describes o
complately deteriorated condition. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust strecks from
uncoated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guard. In the letter ratings, H = heavy, L = light, M = medium and N =

none.
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Coating System 13C: Saran
No. of Months in Service: 54

Amount of Use: Heavy

Condition Rated Atmospheric Splash
Color 9
Chalking 8
Blistering N, 10 N, 10
Checking 10 10
Cracking 10 10
Flaking (scaling) 10 10
Erosion 10 10
Rusting, Type | 9 ol/
Rusting, Type Il 10 10
Fouling, amount - L-M
Guano, amount L -
Structural damage dent in dent in
steel plate steel plate

1/ Mostly pinpoint rusting.

Note: For chalking, blistering, checking, cracking, flaking, erosion, and rusting
a rating of 10 describes a perfect condition, and o rating of 0 describes o
completely deteriorated condition. A topcoat color rating of 10 indicates
pure white with no yellowing or discoloration other than rust streaks from
uncoated bolts, and 0 indicates a color unacceptable to the U. S. Coast
Guord. In the letter ratings, H = heavy, L = light, M = medium and N =
none.
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Overall Condition: Good

Type of Mooring: Free-Swinging

Submerged

N, 10




Appendix B — RATING OF TEST #
Coating System No. ] 2 !
Exposure Site PH sD PH so PH

PanelZone  |aAY 12 Y| A T s|a T s|a T s|A T s
General Protection 8 7 9 9 ¢ 9110 10 10|10 10 0f 9 10 10
Chalking 2 - =-]=-12/ -~ =8 = == = =18 = -
Checking 10 10 10100 10 1010 10 10y10 10 10] 8 10 10
Blistering, size 2 6 10f(10 10 10}10 10 1010 10 10}10 10 10
Blistering, frequency | F F Nl N N N[N N N[N N N[N N N
Flaking 10 72/ 10 ] 10 10 10]10 10 1w0]10 10 10|10 2¥ ¥
Cracking 10 10 1010 10 1010 10 10}[10 10 1010 10 10
Undercutting 10 10 1010 10 1110}]10 10 10110 10 1010 10 10
Rusting, type | o 8 9ol ¢/ 9ol 10 10 10|10 10 10]9Y 9 10
Rusting, type || 7 10|10 10 10)]10 10 10|10 10 1010 10 10
Pitting 10 10 1010 10 1010 10 10|10 10 1W0}1W0 10 10
Fouling, amount - & L] - L M- HY M- M M- ML
Fouling, aread/ - 6 6| ~ 4 1] - 2|—- 7 1V} - 2 1
1. Plont Area - 9 91 - 9 91 - o1~ 9 9| - 9 9
2. Animal Area - 7 71 — 4 2| - 1 2|- 8 1| - 2 2
a. Tunicates - 10 10| - 10 7| - 10 10—~ 10 5|- 10 10

b. Barnacles - 7 21 — 4 9| - ] 91— 8 9| — 3 8

c. Mussels - 10 21 - 9 21— 4 7\— 9 9| - 8 9

d. Bryozoa - 10 9 - 10 10|- 10 9! - 10 10| - 10 9

e. Hydroids - 10 9{ - W0 W0}~ 10 8|- 10 10§~- 10 9

f. Tube Woms | — 10 ] - 10 5| - 10 |- 100 5] - 10 9

g. Sponges - 10 W0} - 10 9|-= 10 1W0}|- W 9} - 10 10

Overall Rating 8 9 10 10 9

1/ A = atmospheric zone

2/T = tidal zone
3/ S = submerged zone
470 = 100% fouled; 10 = 0% fouled

5/ Slight barnocle damage
6/M = medium

27 Delamination of topcoat on
one side of panel
8/ L = light

/N =
10/ Mostly ot edge

none

1Y/ H = heavy




Appendix B — RATING OF TEST PANELS AT PORT HUENEME AND SAN DIEGO

2
SO PH sD PH SD PH SD
SITA T S| A T S T S AT A T A T S T S
10]10 10 10 9 10 10 9 9110 10 92 10 10 10 9 9
-] .. - - 8 - - — — g8 = —_ -— —-— o -— —-—
10110 10 10| 8 10 10 10 10110 10 10 10 10 10 10 10
1010 10 1010 i0 10 10 1010 10 10 10 10 2 2 10 6
NN N N|N N N N N[N N N N N Fl3/ F N F
10{10 10 10|10 24 ¥ 14 %0 0 10 10 10 116/ Ll¢/ ol&/ ol&s
10110 10 1|10 10 10 10 1010 10 10 10 10 10 10 10 10
10110 10 1010 10 10 10 10110 10 10 10 10 10, 10 10 10
100010 10 10]|91Y ¢/ 10| 9l 610/ 9104 49 10 910/ 19 91V o ¢ |91V ol LU/
10110 10 10110 10 10 10 10|10 10 10 10 10 10 10 10 10
10(10 10 10110 10 10 10 10{10 10 10 10 10 10 10 10 10
M- M M| - M L M M|—- H M|- M - H M M M
21— 7 1} - 2 | 5 2= 1 2| - 5 - 1 3 7 2
9|l— 9 9| - 9 9 9 9l - 9 9| - 9 - 9 4 9 9
2|— 8 V| - 2 2 é 3|- 2 3| - 6 - 2 3 8 2
10— 10 5 - 10 10 10 6|~ 1010} - 10 - 10 10 8 3
9|— 8 9| - 3 8 6 91—~ 3 9| - 6 - 2 8 4 9
721- 9 9| - 8 9 9 l- 6 7| - 10 - 7 9 9 9
9l- 10 0} - 1 9 10 10f- 1010) - 10 - 10 9 10 10 A
g8|l- 10 10] - 10 9 10 |- 10 8- 10 - 10 8 10 10
21— 10 S5 - 10 9 10 51{- 10 9] - 10 - 10 9 10 10
i0]— 10 9] - 10 10 9 9l - 1010}~ 10 - 10 10 9 9
10 9 9 10 10 9 9
ination of topcoat on 12/ Impossible to determine chalking on Son Diego 16/ Loss of ¢
ide of panel panels because of extremely high tide ot time 17/ System
light of inspection eliminat
none 15/ A few pin holes only 18/ D = de
ly ot edge 14 / Antifouling and topcoat lost exposing primer 19/ Delaomin
heavy 15/7F = few exposing
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HUENEME AND SAN DIEGO

PH sD PH sD PH SD

AT sS|IA 1T SJA T S |A T sJA T SIA T S

101010/ 9 10 9[9 10 10{9 9 9010 10[wo 10 9
8 - =| - - = - == = |8 = == - =
10 101010 10 108 10 10 8 10 10 |10 10 10{10 10 10
10 1010]/10 10 10/ 2 2|10 10 6 |10 10 10/10 10 10
N N N[N N N|NF¥ F{N N FIN N NIN N N
10 10 10[10 10 10 |10 11 29| 10 0% 0%/10 10 10{10 10 10
10 10 1010 10 0 {10 1c 0|10 10 10{10 10 1w0]10 10 10
10 10 10{10 10 1010 10 10|10 10 10|10 10 1010 10 10
10 10 10 {919 10 9110/ o o |9l 91O Hl/f15 4o 10 [10 10 91O/
10 10 1010 10 10|10 10 1010 10 10|10 10 10)10 10 10
10 10 1010 10 10|10 10 10]10 10 1010 10 10[10 10 10

- HM|- M M]~ H M|- M M|-— H M|- M H
- 1 2= 5 1= 1 3| - 7 2 |- 1 2= 7 1
- 9 9]-=- 9 9|- 9 | - 9 - 9 9|l- 9 9
- 2 3}~- 6 2}|- 2 3| - 8 2 |- 2 21- 7
- 10010~ 10 5= 10 10| - 8 3 |- 10 10|- 10 6
- 3 91— 6 8- 2 8 | - 4 91— 2 9}~ 7 9
- 6 7| - 10 9(- 7 91| - 4 9{— 7 7}- 10 8
~ 10010 - 10 W]~ 10 91— 10 1W0}]-~ 10 9|- 10 10
~ 10 8|~ 10 0]~ 10 8|~ 10 10(|- 10 9|- 10 10
-~ 10 9~ 10 10|~ 10 91~ 10 1W0]|—- 10 9]- 10 5
- 10w {- 10 9t~ 10 10| - 9 9{—- 10 10|~ 10 ¢
10 (0 9 9 10 10

to determine chalking on San Diego 16/ Loss of topcoat exposing gray seal coat
use of extremely high tide ct time 17/ System Nos. 10 and 11 failed and

on eliminated from test

holes only 18/ D = dense
and topcoat lost exposing primer 19/ Delamination of primer and topcoot

exposing zinc silicate coating

35




Coating System No. 7C 8 9

Exposure Site PH SD PH SD PH

Panel Zone A T StA T S|JA T S|A T ST1TA T S|A
General Protection {10 10 10| 9 8 11 10 10 9 9 911 10 10(10
Chalking § = == = =18 = == = =110 = =|-
Checking 10 10 1010 10 10,10 10 10f10 10 1010 10 i0]10
Blistering, size 10 6 6110 6 6|10 6 8|10 6 6110 10 10410
Blistering, frequency | N F F | N M M| N F FIN M M| N N N|N
Flaking 10 10 10|10 10 10|10 10 10(10 W 1W0}10 10 10}10
Cracking 10 10 1010 10 10|10 10 10{10 10 10|10 10 10}10
Undercutting 10 10 1010 10 10|10 10 10710 10 10 {10 10 10{10
Rusting, type | 9 95/ 10 (917 83/ 91 o g/ 9| 9 919/ 9l%f 10 10 10]10
Rusting, type Il 10 10 10|10 10 10}10 10 10j10 10 10| 10 10 10]10
Pitting 16 10 10|16 10 1010 10 10f10 10 1010 10 10]10
Fouling, amount - L L] - L L|- L L|- M M|]- L L|-
Fouling, area - 2 2| - 2 2] - 8 5| - 5 2| - 4 -

1. Plant Area - 4 3| -~ 8 °9l1- 9 9| - 8 92| - -
2. Animal Area - 8 91 - 3 2| — 6 9|~ 6 2| - 10 10}~

a. Tunicates - 10 10| - 10 8|~-= 10 1W0f- 10 4| - 10 10|-

b. Barnacles - 8 9|- 7 91— 7 9| - 6 91 - 10 10| -

c. Mussels - 10 91— 10 91 —- 10 9| - 10 9} - 10 10|~

d. Bryozoo - 10 10| = 10 - 10 9|- 10 W0} - 10 10}~

e. Hydroids - 10 10y - 10 1W0}-— 10 9(- 9 8| - 10 10}-

f. TubeWorms | = 0 10|~ 10 S5} - 10 9y-— 10 10| - 10 10]|-—

g. Sponges - 10 10| - 10 91— 10 10— 10 9} - 10 10]|-
Overall Rating 9 9 9 9 10
1/ A otmospheric zone 7/ Delamination of topcoot on 12/ Impossible to
271 - tidal zone one side of panel on Son Diego
3/ S = submerged zone 8/ L = light extremely high
470 - 100% fouled; 10 -~ 0% fouled Y N - none inspection
S/ Slight barnacle damage 10/ Mostly at edge 13/ A few pin hole
b6/ M - medium liy H heavy 14/ Antifouling a

primer
15/ F - few
2L




9 1217 13

PH sD PH SD PH sD
s|la 1T sla 71 sla 1 s|A T Ssta T s|lAa T s
9110 10 10/)10 10 10f10 10 10|10 6 6]100 9109 9 9
-0 = == = ]88 = |- - ~|8 - -|= - -
10]10 10 10)10 10 10}10 10 10|10 10 1010 10 10}10 10 10
6110 10 1wfw 10 1wfw 2 2110 10 2[10 10 10/10 10 10
M| N N NIN N NIN F F|IN N F|N N NIN NN
1010 10 10[10 10 10|10 21 47| 10 0¥ 2% 10 10 10|10 10 10
10110 10 1010 10 10/10 10 10)10 10 10[10 10 1010 10 10
1010 10 10|10 0 10/10 10 1010 10 W0}|10 10 10|10 10 10
1 9% 10 10 10{10 10 10[10 6 710 6 6|10 9 10]9 9 9
10|10 1 1010 10 10|10 10 10]10 10 10]10 10 10/10 10 10
10]10 10 10/10 100 1010 9 9w 8 8|10 10 1w0}10 10 10
Ml- L L|l- L L]- M M|= L M|[=H H{j- M M
2l - 4 5|= 2 2|- 3 3|- 8 3|- 1 2/- 6 1
9| - 5/]— 9 9l- 9 9= 9 9|- 9 9{— 9 9
2| - 10 w0]- 2 2/- 4 4]- 8 3|- 1 - 71
. 4| - 10 10f[- 0 9|- 10 1W0|- 10 8|~ 10 10j- 0 8
9l - 1w wf- 2 9|l- 7 8|~ 8 9|l- 21w0|- 7 7
9l - 10 10— W 9[- 7 |- 10 9| - 8 4|- 9 9
0f-10 10}- 10 10|- 10 9|~ 10 10]- 10 9/- 10 9
g8l - 10 10]|- 10 9/- w0 9|~ 10 w|~- 10 8- 1010
0] - 10 10|- 30 5(- 10 9/ 10 1wW|~-10 9/- 10 s
9| - 1w 10|{- 10 9|- 1w 1W0|]- 10 9|~ 10 wW|- 10 8

! 10 10 7 | 7 9 9

12/ Impossible to determine chalking
on San Diego panels kecouse of

extremely high tide ot time of

inspection

137 A few pin holes only
147 Antifouling and topcoat lost expasing

primer
15/ F - few
h

16/ Loss of topcoat exposing groy seal
coat

17/ Sy:tem Nos. 10 ond 11 failed ond
eliminated from test

18/ D = dense

19/ Delamination of primer and topcoot
expoasing zinc silicate coating




e —

REFERENCES

1. U. S. Naval Civil Engineering Laboratory. Technical Report R-246: Protection
of mooring buoys — Part |. Initiation of field testing, by R. W. Drisko and R, L.
Alumbaugh. Port Hueneme, Calif., June 1963. (AD 411426)

2. . Technical Report R~258: Protection of mooring buoys — Part Il, First
rating inspection, by R. W, Drisko. Port Hueneme, Calif., Oct 1963. (AD 421416)

3. . Technical Report R-291: Protection of mooring buoys — Part lll.
Second rating inspection, by R. W, Drisko. Port Hueneme, Calif., Apr 1964.
(AD 438211)

4.

. Technical Repert R-316: Protection of mooring buoys — Part IV.

Results of thlrd rating inspection, by R. W. Drisko. Port Hueneme, Calif., June 1964.

(AD 443376)

S. . Technical Report R-355: Protection of mooring buoys — Part V. Fourth
rating inspection, by R. W. Drisko. Port Hueneme, Calif., Jan 1965. (AD 611410)

6. . Technical Report R-385: Protection of mooring buoys — Port VI.

Results of fifth rating inspection, by R. W. Drisko. Port Hueneme, Calif., June 1965.

(AD 616886)

7. . Technical Report R-431: Protection of mooring buoys — Part VII.
Results of sixth rating inspeciion, by R. W. Drisko. Port Hueneme, Calif., Dec 1965.

(AD 624799)

8. . Technicol Report R-458: Protection of mooring buoys — Part Vill.
Results of sevemh rating inspection, by R. W. Drisko. Port Hueneme, Calif.,
June 1966. (AD 636422

9.- . Technical Report R-531: Protection of mooring buoys — Part IX.
Results of eighth rating inspecticn, by R. W. Drisko. Port Hueneme, Calif., June
1967.

10. Americon Society for Testing andd Materials. 1965 book of ASTM standards,
pt. 21. Philodelphio, Pa., Jan 1965, pp. 118-123; 128-138; 143-156.

. U, S. Naval Civil Engineering Loboratory. Technical Report R-330: Bonding
of underwater-curing epoxies, by R. W. Drisko. Port Hueneme, Calif., June 1965.
(AD 464942

12.————. Technical Note N-728: Cothodic protection of mooring buoys and
chain — Port |. Initiol field testing, by . W. Drisko. Port Hueneme, Calif., June
1965. (AD 617259)

13. — . Technical Report R-490: Protective cootings for steel piling: Results
of hotbor expasure on ten-foot simulated piling, by R. L. Alumbough and C. V.
Brovillette. Port Hueneme, Colif, Nov 19%. (AD 802877

T P




Unclassified

Secunts Clasuificstion

DOCUMENT CONTROL DATA-RL D

Securss clavailot 0tror of 10te. bodv ul AD10act Aind inde2ing AANI 1AL Rt bt entered when the veeroll repuet ¢y ¢lasnihied)
T oM GuATING ACTIviTr rCoporaly puiner)

{8, MEFOMY AZCUMITY CLASRIZIC AV ION

Noval Civil Engineering Laborotory | Wnclossified

Port Hueneme, Colifornio 1 sRoue

) AEPORY TiTLE

PROTECTION OF MOORING BUDYS — PART X. RESULTS OF NINTH RATING INSPECTION

4 DEICMIPTIvE NOTED (Trpe of ropers and inclusive derre)

1927

Y AU TeORit: (Fire) nome, midlle inilial. 180l name)

Richard W. Driske, Ph D

¢ AESOAY Dotk Te. TOTAL NG QOF Pacgs 1 NO OF BReY

September 1967 37 13

B8 COMTRAC® OR GRan? nO

e OMIGINATON S REPOAT NuMBE M)

s racstcrno  Y-F020-03-04-003 7Q-542

€ ] :::(n l:'ol' NOILY (ArNy SiNEs Aumbere B\t ey be 3isigned

L]

1S OISTRIGLTION STATEUENT I

This document has been opproved for pueiic release and sole; its diswibution is unlimited. Copies
ovoilable ot the Cleoringhouse for Federal Scientific & Technicel Information (CFSTI), Sills Bidg.,
5285 Porn Reya! Road, Springfield, Vo. 22151 Price $3.00

Tt PP LNt ANy MmO CS

Tl SPONSOMING AL TARY A VI eI Ty

Navel Focilities Enginoering Commend
Weshington, D. C.

vy amsrealY

This is the renth of a series of reports on the protection of meoring buoys. Thirtean buoys
were given their ninth iating (efter ¢ meximum of 5 yeers exposure) for extent of coeting detericration,
corrosion of ateel, ond fouling. Two other buoys had previoush L:ii removed from the tast progrem
baceuse of edvanced deterioretion. The costing systems on three of the buoys were in good condi-
tion, while those on nins others showed verying degrees of moderats detarieretion, end one wes in
such peor condition that it wos also removed from the tost program. Two sets of steel penels
cooted with the different systems used oa the buays waere given their esighth reting inspection efter
4 yeces of exposvre. One set wos exposed in Son Diego Boy 9nd the othes in Port Hueneme NHerbor.
The cond:tion of the costings on borh sets of penels wes generelly batter then thet of the buey
coating, but there wes @ genersl corralation betwaen the conditions of the twe test groups. On bueys
coared with entifouling paints, no derecteble ontifouling property remeined of ter 20 months, but en
both sats of test panels, rwe eanifouling costings centeining copper exide wore 3nill eppreciobly
reducing fovling efrer 4 youres.

Petches of underwater-curing epeny oppiind 1o bueys whers locelized domege ts the conting
hed beaen coused by shres:on ware in gocd condition. Seme patches hed boen providing protection
for 4 yours.

Three of the bueys were cothed:caily pratected with 1inc onsdes. Tho underweter pertiens of
thess hueys wers rece:ving protaction frem cormasion 13 menths aftes enede instelleren.
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